ABSTRACT Summary: A web-based application has been designed from a genetic-epidemiology point of view to analyze association studies. Main capabilities include: descriptive analysis, test for HardyWeinberg equilibrium and linkage disequilibrium. Analysis of association is based on linear or logistic regression according to the response variable (quantitative or binary disease status respectively). Analysis of single SNPs: multiple inheritance models (co-dominant, dominant, recessive, over-dominant and log-additive), and analysis of interactions (gene-gene or gene-environment The analysis of association between genetic polymorphisms and diseases allows identifying susceptibility genes (Cordell and Clayton, 2005) . The proper analysis of these studies can be performed with general purpose statistical packages, but the researcher usually needs the assistance of additional software to perform specific analysis, like haplotype estimation, and results from different packages are difficult to integrate.
The analysis of association between genetic polymorphisms and diseases allows identifying susceptibility genes (Cordell and Clayton, 2005) . The proper analysis of these studies can be performed with general purpose statistical packages, but the researcher usually needs the assistance of additional software to perform specific analysis, like haplotype estimation, and results from different packages are difficult to integrate.
We present a free web-based tool to help researchers in the analysis of association studies based on SNPs or biallelic markers. Both the selection of analysis and the output have been designed from a genetic epidemiology perspective. This application can also be used for learning purposes. We have written (in Spanish) an analysis guide with detailed explanations (Iniesta, et al. 2005) . A similar extensive help in English can also be found on the website.
The software is used following three steps, with the possibility of performing multiple analyses in one session. The steps are:
1) Data entry
Raw data in tabular form can be pasted in a window or uploaded from a text file. Variables can be named and the user can choose the field delimiter and the missing value code (Supplementary figure 1) . SNPs should be coded as genotypes with each allele separated by a slash (for example "T/T", "T/C", "C/C") * To whom correspondence should be addressed 2) Data processing A list with the variables read by the application is presented with an initial suggestion about the type: quantitative, categorical or SNP, which can be modified (Supplementary figure 2). The user is prompted to select those needed for the analysis and to specify which one is the response, which may be binary (disease status) or quantitative. For categorical variables, including SNPs, the user can reorder the categories. The first one will be treated as reference category in the analysis. The application assumes that the main interest is the analysis of the SNPs in relation to the response. Other variables selected with type quantitative or categorical will be added to the regression models for analysis as covariates and treated as potential confounders.
3) Analyses customization The third step requests the selection of the desired statistical analyses that will be described later in this article (Supplementary figure 3) .
Regarding the statistical analysis, the association with disease is modelled depending on the response variable. If binary, the application assumes an unmatched case-control design and unconditional logistic regression models are used. If the response is quantitative, then a unique population is assumed and linear regression models are used to assess the proportion of variation in the response explained by the SNPs.
The association for each SNP is analyzed in turn, adjusted for the selected covariates. If more than one SNP are selected, then the application assumes that haplotype analysis is appropriate. Haplotype frequencies are estimated using the implementation of the EM algorithm coded into the haplo.stats package (Sinnwell and Schaid 2005) . Association between haplotypes and disease appropriately accounts for the uncertainty in the estimation of haplotypes for individuals with multiple heterozygous when phase is unknown or when missing values are present (Schaid, et al. 2002) . Individuals with missing values in the response, in all SNPs or in any covariate are excluded from analysis.
The software main page can be found online at http://bioinfo.iconcologia.net/SNPstats. The application uses PHP server programming language to build the input forms, upload data, call the statistical analysis procedures and process the output. The statistical analyses are performed in a batch call to the R package (R Development Core Team 2005). The contributed packages genetics (Warnes and Leisch 2005) and haplo.stats (Sinnwell and Schaid 2005) Anonymous use is guaranteed and data is treated as confidential. Source code for local installation (Linux and Windows) is also available under GNU license.
SNPStats returns a complete set of results for the analysis, covering from the descriptive statistics to the haplotype analysis. The descriptive statistics returned are the absolute frequencies and proportions for categorical variables, and mean, standard deviation and a list of percentiles for the quantitative ones. Always the total valid sample size and the count of missing values are displayed (Supplementary figure 4) .
Each SNP is described as allele and genotype frequencies. An exact test for Hardy-Weinberg equilibrium is performed (Supplementary figure 5 ). When the response variable is binary, these statistics can be displayed by each response group. The user usually will be interested in checking Hardy-Weinberg equilibrium in the control population.
The analysis of association for each SNP can be performed both for quantitative or binary response variables. For binary responses, the logistic regression analysis is summarized with genotype frequencies, proportions, odds ratios (OR) and 95% confidence intervals (CI) (Figure 1 ). For quantitative responses, linear regression is summarized by means, standard errors, mean differences respect to a reference category and 95% CI of the differences. SNPStats can also perform analyses of interactions. For simplicity, models with only one pair of variables interacting can be selected at a time. Three summary tables are shown (Supplementary  figure 7) . The first one is the cross-classification that uses a common reference category for both interacting variables. Odds ratios or mean differences are estimated, together with 95%CI, for all other combinations. Next tables use the margins as reference category and estimate odds ratios or mean differences of one variable nested within the other one. A global test for interaction is performed, as well as a test for the interaction in the linear trend of the nested variable. This assumes that the nested variable is ordinal and tests for different trend among categories. This test might be more sensitive than the global one due to the reduction in degrees of freedom. In the analysis of haplotypes, descriptive statistics show the estimated relative frequency for each haplotype (Supplementary figure 9). Cumulative frequencies are also shown to help in the selection of the threshold cut point to group rare haplotypes for further analysis. The association analysis of haplotypes is similar to that of genotypes in that either logistic regression results are shown as OR and 95% CI or linear regression results with differences in means and 95% CI. The most frequent haplotype is automatically selected as the reference category and rare haplotypes are pooled together in a group. The analysis of haplotypes assumes a log-additive model by default, but dominant and recessive models are available as alternative choices.
When haplotypes are selected for interaction similar tables to the genotype interaction ones are shown, replacing the genotypes by haplotypes (Supplementary figure 10) . This analysis of interactions and presentation of the results is unique to the available alternatives explored and is an important contribution to the analysis of genetic epidemiology studies, often focused on testing for geneenvironment interactions.
As a limitation, we are aware that the selection of the available analysis has been done for the most frequent profile but might not be adequate in some instances. We plan to implement in future versions more response types: survival data for studies of prognosis, multinomial data for categorical responses with more than two categories and paired designs (matched case-control or nested case-control).
